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Bonneville Power Administration
Fish and Wildlife Program FY99 Proposal

Section 1.  General administrative information

Water temperature effects on fall chinook salmon
in the Snake and Columbia rivers.

Bonneville project number, if an ongoing project 9078

Business name of agency, institution or organization requesting funding
U.S. Geological Survey - Biological Resources Division

Business acronym (if appropriate) USGS

Proposal contact person or principal investigator:
Name Dennis W. Rondorf

Mailing Address 5501A Cook-Underwood Rd.

City, ST  Zip Cook, WA 98605

Phone (509) 538-2299

Fax (509) 538-2843

Email address dennis_rondorf@usgs.gov

Subcontractors.
Organization Mailing Address City, ST Zip Contact Name
U.S. Fish and
Wildlife Service

Idaho FRO
P.O. Box 18

Ahsahka, ID 83520 William Connor

Nez Perce Tribe P.O. Box 1701 Orofino, ID 83544 Bill Arnsberg

NPPC Program Measure Number(s) which this project addresses.
2.2E.4 ΑAnalyze the relationship between drawdown limits and fish flow measures≅
5.2B ΑSummer migrants≅
6.1D ΑSnake River temperatures≅
7.5B.3 ΑContinue to fund basic life history studies for Snake River fall chinook.≅

NMFS Biological Opinion Number(s) which this project addresses.

NMFS BO RPA XII.17 ΑThe COE shall monitor river temperatures and implement,
when possible, temperature control measures in the lower Snake River, such as releasing
cool water from both Dworshak Dam and the Hells Canyon complex during August and
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September.≅

Other planning document references.

 Wy Kan Ush Me Wa Kush Wit, the Anadromous Fish Restoration Plan of the Nez Perce,
Umatilla, Warm Springs and Yakima tribes recognizes the deleterious effects of high
temperatures on salmonids and restoration efforts.  This project is consistent with tribal
goals of reducing temperature-related mortality and increasing natural production.

The National Marine Fisheries Service=s SRSRP recognizes that one of the factors that
managers need to consider in making flow augmentation decisions is ΑInstream
temperature conditions and the degree to which augmentation might affect instream
temperatures [and fish] positively.≅ (pp V-2-19,20)   This study would be addressed by
measure 2.1.d.3 ΑThe BPA should evaluate juvenile survival in relation to flow
augmentation during downstream migration.≅

Subbasin.

Snake River, Clearwater River, Yakima River

Short description.

Determine the effects of water temperature and hydropower operations on the survival
and performance of rearing and migrating juvenile fall chinook salmon.

Section 2.  Key words
Mark Programmatic

Categories
Mark

Activities
Mark

Project Types
 X Anadromous fish Construction Watershed

Resident fish O & M Biodiversity/genetics
Wildlife Production Population dynamics
Oceans/estuaries X Research Ecosystems
Climate Monitoring/eval.  X Flow/survival
Other Resource mgmt Fish disease

Planning/admin. Supplementation
Enforcement Wildlife habitat en-
Acquisitions hancement/restoration

Other keywords.

temperature, fall chinook, summer flows, survival, behavior, performance, heat-stress
proteins, Columnaris

Section 3.  Relationships to other Bonneville projects
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Project # Project title/description Nature of relationship

Section 4.  Objectives, tasks and schedules

Objectives and tasks
Obj
1,2,3 Objective

Task
a,b,c Task

1 Determine incubation and
emergence timing under an
array of fluctuating water
temperatures representative of
the mainstem Snake River and
its tributaries.

A Assess fall chinook salmon timing
and survival from egg fertilization
to swim-up under five fluctuating
temperature regimes and a control.

B Conduct fish health analyses on
mortalities and swim-up fry.

C  Model the relation between
survival, swim-up size, water
temperature during incubation,
cumulative centigrade temperature
units to hatch, and fish health
using multiple regression analysis.

2 Identify physiological indicators
of acute and chronic thermal
stress.

A Examine the feasibility of using
stress proteins or heart  and liver
enzymes to indicate thermal
history, heat-related tissue
damage, and long-term
disposition.

B Determine the effects of different
thermal exposure histories on
seawater entry and survival in fall
chinook salmon.

C Compare the risks associated with
acute temperature and handling
stress associated with
transportation with those
associated with the chronic
exposure to sublethal temperatures
experienced during in-river
migration.

3 Identify performance related
changes of juvenile fall chinook

A Use disease challenges to
determine the susceptibility of fall
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salmon exposed to long-term
sublethal temperatures.

chinook salmon to Flexibacter
columnaris under and array of
temperatures that would typically
be experienced by summer
migrants.

B Conduct predator avoidance trials
to determine the effect of chronic
high temperatures on fall chinook
salmon predation risk.

C Use temperature-sensitive radio
tags and telemetry to examine
migratory behavior of juvenile fall
chinook salmon before and after
flow augmentation from
Dworshak Reservoir.

4 Determine the effects of
temperature on natural
production in the Snake and
Clearwater rivers, and estimate
potential risk of mortality due to
exposure to different water
temperature regimes
characteristic of lower Snake
River reservoirs in the summer.

A Define the role of temperature in
determining the difference in
natural production between the
Snake, Clearwater, and Yakima
rivers.

B Define alternative scenarios for
operating Dworshak Dam to
enhance the natural production in
the Clearwater River.

C Synthesize information obtained
from Objectives 2 and 3 to
determine if the temperature
effects associated with flow
augmentation increases the
survival of juvenile fall chinook
salmon in lower Snake River
reservoirs.

Objective schedules and costs

Objective #
Start Date
mm/yyyy

End Date
mm/yyyy Cost %

1 10/1999 10/2001 20
2 10/1999 10/2003 30
3 10/1999 10/2003 30
4 10/1999 10/2003 20
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Schedule constraints.

Completion date.
2003

Section 5.  Budget

FY99 budget by line item
Item Note FY99
Personnel $150,000
Fringe benefits $50,000
Supplies, materials, non-
expendable property

$30,000

Operations & maintenance
Capital acquisitions or
improvements (e.g. land,
buildings, major equip.)
PIT tags # of tags: 
Travel $12,000
Indirect costs Administrative overhead $98,000
Subcontracts Cooperator: USFWS and NPT $350,000
Other Vehicle and boat operation $10,000
TOTAL $700,000

Outyear costs
Outyear costs FY2000 FY01 FY02 FY03
Total budget $700,000 $700,000 $600,000 $500,000
O&M as % of total $0 $0 $0 $0

Section 6.  Abstract

The goal of this project is to define the short and long-term effects of temperature
on juvenile fall chinook salmon.  One of the primary objectives of the Fish and Wildlife
Program is to increase juvenile survival and rebuild diminished stocks.  Temperature
influences survival to a large degree, but its effects are usually indirect, difficult to
measure, and poorly understood as a mechanism of survival.  Incubation and survival to
emergence under different temperature regimes will be examined in laboratory
experiments to evaluate the operation of Dworshak Dam on naturally produced fall
chinook salmon in the Clearwater River.  Indicators of chronic thermal stress will be used
to evaluate temperature effects on fish physiology.  Laboratory and field data will be
collected on fish health, predation, and migratory behavior to examine how temperature
may compromise fish performance and survival.  Finally, this information will be
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integrated to predict the risks to fall chinook salmon under different temperature and in-
river versus transportation scenarios that managers will be able to use to manage the
hydropower system.

Section 7.  Project description

a. Technical and/or scientific background.

Hydromanagement has changed thermal regimes in the Snake and Columbia river
basin from that historically encountered.  In the Snake River, the Hells Canyon Complex
of dams has delayed emergence of naturally produced fall chinook salmon, as has the
construction of Dworshak Dam on the North Fork Clearwater River.  The timing of the
fall chinook salmon life cycle and success of fall chinook salmon production in the
Clearwater River may be limited by cold temperatures, but in the Yakima River and
lower Snake rivers high temperatures may be limiting the success of fall chinook
populations. As a result of hydro development, smolts migrate seaward later in the
summer at a time when flows are low and water temperatures approach the upper
incipient lethal.  Returning adult fall chinook salmon have faced thermal blocks in the
lower Snake River, and this phenomenon probably also exists in places like the Yakima
River.   High water temperatures in the lower Yakima River and cold temperatures in the
Clearwater River may be limiting natural production in those systems.  Considering the
life history of fall chinook salmon along with the environmental conditions that exist
during their freshwater life cycle,  they are one of the most thermally challenged salmonid
in the basin.

The aforementioned statements are not surprising since temperature is an
important driver of many salmonid processes.  Temperature affects swimming
performance (Brett 1967), growth and energetics (Elliott 1982), movement behavior
(Bjornn 1971), physiological development (Ewing et al. 1979), and disease susceptibility
(Fryer and Pilcher 1974) to name but a few.  It is assumed, and probably rightly so, that
high temperatures are bad for coldwater adapted fish such as salmonids, but few studies
exist that quantify the long-term effects of chronic high temperatures on juvenile salmon
performance and survival.  Little Goose Reservoir surface temperatures can reach 24ΝC in
the top meter of the water column in late summer.  Brett (1952) found that the upper
incipient lethal temperature for chinook salmon juveniles is  24ΝC.  Since typical late
summer temperatures in lower Snake River reservoirs range from 19 to 22ΝC, juvenile
migrants are at risk of temperature-related mortality factors such as disease, predation,
and metabolic constraints.  Evidence for such risk is evident in the 1994 subyearling
chinook salmon kill at McNary Dam.  About 100,000 fish presumably died from thermal
shock and probably Flexibacter columnaris infection.  The USGS collected 125
subyearling chinook salmon at John Day Dam ten days after the fish kill, and after five
days of holding, all but seven had died of  Flexibacter columnaris infection (USGS
unpublished data).   Flexibacter columnaris infection has been shown to be a significant
pathogen to chinook salmon (Holt et al. 1975; Becker and Fujihara 1978).  Finally,
studies have shown that late migrants have poorer survival and return fewer adults than
earlier migrants (Connor et al. 1998; Muir et al. 1998; Giorgi et al. 1994; Tiffan et al.
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Manuscript in preparation), and this phenomenon may be temperature related.
The Plan for Analyzing and Testing Hypotheses (PATH) for spring chinook

salmon has found that various fish passage and stock-recruitment models cannot account
for all of the mortality that must take place to explain observed smolt to adult survival. 
Delayed mortality has been identified as an important source of mortality for spring
chinook salmon.  Delayed mortality may also be important to fall chinook salmon trying
to cope with high summer water temperatures.  Because temperature effects on fish
mortality are often indirect, they are often difficult to quantify.  At a recent EPA-
sponsored temperature workshop on the Columbia River basin (November 10-11, 1997,
Portland, Oregon), the term Αswimming dead≅ was coined by C.C. Coutant to describe
fish that have receive sublethal exposures to high temperatures that will likely die a death
that will never be observed or have its causes directly elucidated.  This may be especially
true for late migrating fall chinook salmon in the Snake River that are exposed to 19-22C
temperatures for weeks during their migration.

One of the goals of the NPPC Fish and Wildlife Program is to increase the
survival of juvenile through the lower Snake River, and flow augmentation is one
measure aimed at attaining that goal.  Flow augmentation using releases from Brownlee
Reservoir (Measure 5.2B.1) increases flow through the lower Snake River, but increases
water temperature at the same time.  Connor et al. (1998) speculated that the increase in
water temperatures in 1996 due to Brownlee releases may have contributed to decreased
survival of natural fall chinook salmon in that year.  Muir et al. (1998) showed that the
survival of hatchery subyearling fall chinook salmon was positively related to flow and
negatively related to temperature.  Since flow and temperature are also correlated with
each other, determining which variable is most important to subyearling survival is
difficult.  The Program will need to resolve this issue to make flow augmentation
recommendations that make the most biological sense.

An alternative to Brownlee releases is to release water from Dworshak Reservoir
(Measure 5.2B.2).  This action is controversial with recreational users of Dworshak
Reservoir because of draw down consequences.  Releases from Dworshak to increase
summer flows has moderated high temperatures in the lower Snake River reservoirs, thus
enhancing survival and migration conditions for juvenile fall chinook salmon in the
reservoirs.  In contrast, the cool water releases may also have deleterious effects on
naturally spawned juvenile fall chinook salmon from the Clearwater River by reducing
growth and delaying migration.  Inasmuch as the lower Snake and Clearwater rivers are
regulated rivers, managers are faced each year with making decisions on how to balance
the need for flow and moderating temperatures through the lower Snake River reservoirs
with the possible deleterious cool water temperature effects on the Clearwater River fall
chinook salmon.  The program needs specific information on the effects of relatively low
and relatively high water temperatures on incubation, emergence timing, physiological
and behavior performance, and survival of juvenile fall chinook salmon in the Snake and
Columbia River basin.

b. Proposal objectives.
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The objectives of this study are to:
1)  Determine incubation and emergence timing under an array of fluctuating water
temperatures representative of the mainstem Snake River and its tributaries.
2)  Identify physiological indicators of acute and chronic heat stress.
3)  Identify performance related changes of juvenile fall chinook salmon exposed to long-
term sublethal temperatures.
4)    Determine the effects of temperature on timing and success of natural production in
the Snake and Clearwater rivers, and estimate potential risk of mortality due to exposure
to different water temperature regimes characteristic of lower Snake River reservoirs in
the summer.

The following null  hypotheses and assumptions are numbered to correspond to the
objectives listed above.
1) Hypothesis: Temperature has no effect on egg incubation and emergence timing in the
Snake River and its tributaries.

2) Hypothesis: Heat stress in fall chinook salmon does not elicit a physiological response.
Assumptions: 1)  A physiological indicator of temperature-induced stress can be found
and will be cost effective.  2) The mid to late summer temperatures experience by
juvenile fall chinook salmon migrating through lower Snake River reservoirs will elicit a
response in the selected physiological indicator.

3) Hypothesis: Long-term exposure to sublethal temperatures does not affect the
performance of juvenile fall chinook salmon.
Assumptions: 1) Flexibacter columnaris can be consistently cultured and maintained for
disease challenges.  2) Lyons Ferry Hatchery fall chinook salmon are suitable surrogates
for naturally produced fish.

4) Hypothesis: Temperature does not affect the timing and success of natural production,
and does not influence survival in the lower Snake River.
Assumptions: 1) The benefits, or lack there of, of temperature and flow can be separated
when evaluating flow augmentation provided from Dworshak Reservoir.

c. Rationale and significance to Regional Programs.

The NPPC has identified temperature as a potential limiting factor to Snake River
fall chinook salmon in Program Measure 7.5B.3.  Since temperature affects both adult
and juvenile fish, the Fish and Wildlife Program has included measures to moderate
temperature effects, both directly and indirectly, in the Snake River.  Measure 6.1D
ΑSnake River Temperatures≅ addresses the need to moderate high water temperatures in
the lower Snake River for returning adult fall chinook salmon by releasing cool water
from Dworshak Reservoir.  These releases are also intended to improve in-river
conditions for summer migrants under Measure 5.2B ΑSummer Migrants≅.  The
biological objective of these releases is stated in Measure 5.2 as, ΑTo improve conditions
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for salmonid production by increasing flow and water velocities, decreasing downstream
migration time for anadromous fish and decreasing the quantity of habitat for predatory
and competing fish species.≅  Increasing summer flows by releasing water from Brownlee
(Measure 5.2B.1) or Dworshak (Measure 5.2B.2) will probably benefit fish by decreasing
travel times, but depending on which reservoir is used, may have negative thermal effects
on Snake or Clearwater river fall chinook salmon.

Releasing water from Brownlee Reservoir has little cooling effect on the lower
Snake River and may negate the benefits of increased water velocity if high summer
water temperatures place fish at risk of temperature-related mortality.  Releases from
Dworshak Reservoir may have a cooling effect on lower Snake River reservoirs, which
may benefit Snake River fall chinook salmon by increasing flows and reducing
temperatures.  However, cool-water releases may negatively impact naturally produced
fall chinook salmon in the Clearwater River by delaying emergence and growth.  Program
Measure 2.2E.4 calls for, Αanalyzing the relationship between drawdown [to provide
flows] limits and fish flow measures set for resident and anadromous fish in this program,
including the water budget.≅  It is clear that the Fish and Wildlife Program needs
information on the effects of management actions, such as flow augmentation, of juvenile
salmonids.  We believe that information on temperature effects on fall chinook salmon is
lacking and poorly understood.

The rationale for the areas of research outlined in this proposal stem from the need
to quantify temperature effects, and not merely conclude that, Αhigh temperatures are
bad.≅  We are most concerned about the effects of seasonal low and high water
temperatures on the incubation and timing of emergence, and summer seaward migration
of juvenile fall chinook salmon.  Prior to the construction of the Hells Canyon Complex
of dams, Snake River fall chinook salmon emerged and migrated seaward earlier than in
recent years because spawning occurred primarily upstream of the Hells Canyon Reach
where mainstem temperatures were warmer.  In the Clearwater River a combination cool
natural flows delay emergence and water releases from Dworshak Dam reduce growth of
juvenile fall chinook produced in the Clearwater River.  This project will directly address
temperature effects on the early life history of fall chinook salmon in the Snake and
Clearwater rivers to better define the effects of Dworshak Dam releases as called for in
Measure 2.2E.4.

The delay for Snake River fall chinook salmon in reaching the migratory threshold
is further exacerbated by the need to migrate through the lower Snake River reservoirs
during summer.  Water temperatures in the top 1 m of the water column in August can
reach 24ΝC, the upper incipient lethal temperature for fall chinook salmon.  It is currently
unknown what sublethal effects high temperatures have on performance and long-term
survival.  Our objectives and tasks will address these questions by looking at specific
areas of performance both singularly and collectively to quantify delayed mortality due to
chronic exposure to the high temperature experienced in lower Snake River reservoirs.

One novel approach to obtaining specific information on thermal exposure
histories is to use temperature-sensitive radio tags, and new technologies to identify heat-
stress proteins.  The USGS has considerable experience and expertise in radio telemetry,
and technological advances have enabled us to radio tag fall chinook salmon migrants as
small as 110 mm.  This technology will allow us to collect unprecedented thermal and
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behavioral data on fish in the natural environments.  The use of heat-stress proteins and
organ enzymes may be a good integration tool over periods of chronic thermal stress
(Sanders 1993; Iwama 1995)

d. Project history

This project will be a new start in FY1999.

e. Methods.

The scope of this work will cover the freshwater portion of the juvenile fall
chinook salmon lifecycle from egg incubation to seaward migration.  The work will be
conducted to make products applicable to fall chinook salmon throughout the basin, but
will focus research in the Snake, Clearwater, and Yakima rivers.  These rivers have been
chosen because the temperature regime of each has been altered by hydro management. 
Additionally, these rivers are worthy of comparison because the Snake and Clearwater
rivers have the potential for some temperature control whereas the Yakima River has
little opportunity for temperature control.  These rivers are also unique in that the Yakima
and lower Snake rivers present high temperature challenges to juvenile and adult fall
chinook salmon, whereas in the Clearwater River, cold temperatures may be limiting
growth and production.

The approach will be to conduct laboratory experiments and collect field data that
can be used to directly relate temperature effects to fish performance and survivability. 
By doing this, performance and survival can be modeled under different temperature
scenarios, either singularly or collectively, to predict the long-term risk associated with
chronic exposure to temperatures near the upper incipient lethal.  A multiple-year
approach is necessary to include variability between years.
Objective 1.   Determine incubation and emergence timing under an array of fluctuating
water temperatures representative of the mainstem Snake River and its tributaries.
Methods:  Temperature regimes will be chosen based on historical data from the Snake
River basin.  There will be six replicates of each temperature regime.  One hundred eggs
will be placed in each jar, which will correspond to a particular regime, and monitored
daily to assess survival through stages of development.  Mortalities and swim-up fry will
receive health scans that will include virology and histology assessments.  Methodologies
will follow established U.S. Fish and Wildlife Service fish health protocols.  Fish health
screening will be carried out by Kathy Clemens from the Dworshak Fish Health Center. 
Data will be compiled and multiple regression analysis will be used to model the relation
between survival, swim-up size, water temperature during incubation, cumulative
centigrade temperature units to hatch, and fish health. This statistical approach will allow
prediction of survival and emergence timing based on different temperature scenarios
representative of releases from Dworshak Dam.  This information will be input into a
basin-wide temperature model being developed by the Enviromental Protection Agency
to model changes in early life history of fall chinook salmon under different
hydromanagement scenarios.  The completion and usefulness of this model is a critical
uncertainty associated with this objective that will be partially beyond the control of this
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project.

Objective 2.  Identify physiological indicators of acute and chronic heat stress.
Methods: Phase 1 ΧReview the literature and compile a list of candidate physiological
indicators of heat stress.  Develop a laboratory assay to measure the indicator of interest. 
Conduct laboratory experiments to determine at what temperatures and exposure times
fish produce the heat stress indicator.  Vary temperatures and exposure times so that
different amounts of the indicator or tissue damage is obtained.  Measure long-term
survival by inducing heat stress and tissue damage and then holding fish for extended
period (e.g. 6 mos.).  Periodically measure delayed mortality and conduct histology
examinations.  Collect samples at Little Goose and John Day dams to assess thermal
histories of in-river migrants.  Use a bioenergetics approach as a tool to measure the
effects of stress and temperature on fish metabolic rates and enzyme kinetics.  Respiration
has direct effects on growth, which may limit other areas such as smoltification,
migration, and survival.  The methods for this would include exposing fish to varying
temperatures and stressors, such as handling and disease, then measuring oxygen
consumption in a respirometer, or measuring metabolic enzyme activities.  The energy
expended in respiration would then be input in a bioenergetics model to predict growth
given varying levels of metabolic cost.

The probability for success for this Phase is high because temperature is a driver
of enzyme activities and most all other physiological processes in fish.  Non-lethal
techniques will be sought where appropriate because of ESA concerns.  The products
produced will be a measure of delayed mortality due to exposures to sublethal
temperatures that produce a heat stress response, such as organ tissue damage.

Phase 2 ΧExpose laboratory fish to sublethal temperatures varying in magnitude
and duration that are representative of summer reservoir conditions.  Transfer fish to
seawater and measure delayed mortality for a period of two months.  Collect growth and
physiological information, such as gill ATPase,  periodically.  At the end of two months,
and for all mortalities prior to that time, complete physiological and histological profiles
of experimental fish.  The product produced will be the effect of sublethal temperature
exposure on subsequent seawater entry and growth.  Past studies have shown that late
migrants have poor survival and return fewer adults than earlier migrants.  Temperature
effects on seawater entry and survival may play a role in this phenomenon.

Phase 3 ΧUse a physiological indicator to measure the degree of heat stress in
groups of 20 hatchery subyearling fall chinook salmon sampled weekly from July through
August prior to transportation from Lower Granite Dam.  These fish will serve as starting
points with which to compare subsequent fish.  Sample groups of 20 fish at time of
release below Bonneville Dam after transportation, and groups collected at Bonneville
Dam to represent in-river migrants.  Use analysis of variance to compare the degree of
heat stress of groups after transportation with groups sampled at Bonneville Dam after in-
river migration.  It is hypothesized that in-river migrants may be exposed longer to higher
temperatures and be at greater risk of mortality than transported fish.

Objective 3.  Identify performance-related changes in juvenile fall chinook salmon
exposed to long-term sublethal temperatures.
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Methods: Susceptibility to disease is one area of performance that is greatly influenced
by temperature.  Flexibacter columnaris may be a major pathogen to fall chinook salmon
migrating during the summer.   We will expose fish to various sublethal temperatures for
different amounts of time in the presence of Flexibacter columnaris in laboratory
experiments.  Use two-way analysis of variance to test for differences between time to
infection and death given different treatments of temperature and exposure.  One of the
critical uncertainties surrounding this task will be our ability to consistently culture
Flexibacter columnaris for experimental trials.  The technology currently exists, but
maintaining consistency has been a problem.  The anticipated product from this work will
be disease susceptibility versus temperature curves that will be used to determine risk of
mortality under different temperatures and levels of infection.

Vulnerability to predation has been cited as a cause of mortality of fish migrating
through reservoirs.  Temperature not only determines predator consumption rates but may
place prey at greater risk if they have been physiologically compromised.  We will expose
juvenile fall chinook salmon to different temperature regimes then expose 15 treatment
and 15 control fish simultaneously to 8 Northern squawfish in a 7 m x 1.5 m x 1.5 m
fluvial raceway.  Each trial will last 3 h or until 50% of salmon have been consumed. 
Results will be analyzed using Chi-square analysis to compare the number of treatment
and control fish eaten to a random distribution.  This experiment will be replicated 12
times obtain a measure of variability.

The link between migratory performance of juvenile fall chinook salmon and
temperature will be examined using temperature-sensitive radio tags and telemetry. 
Obtain subyearling fall chinook salmon from Lyons Ferry Hatchery to use as surrogates
for wild fish.  Make three weekly releases of 30 fish each in the Clearwater River at
Dworshak National Fish Hatchery in early June before summer flow augmentation
begins.  Make three weekly releases of 30 fish each at the beginning of flow
augmentation.  Coordinate releases with supplementation releases made by the Nez Perce
Tribe.  Use mobile tracking and fixed sites to describe thermal history and migratory
behavior.  Use analysis of variance to compare travel rates and preferred temperatures
occupied by tagged fish of the different release groups.  This information will be used to
determine if the cooling effect of Dworshak releases has a positive effect on juvenile fall
chinook salmon travel times.

Objective 4.  Determine the effects of temperature on natural production in the Snake and
Clearwater rivers, and estimate potential risk of mortality due to exposure to different
water temperature regimes characteristic of lower Snake River reservoirs in the summer.
Methods: Compile redd count data, temperature records, and estimates of juvenile
production from the Snake, Clearwater, and Yakima rivers.  Compare timing and success
of fall chinook salmon production in the Clearwater River, which may be limited by cold
temperatures, to that of the Yakima River, which may be limited by warm temperatures,
and the Snake River, which is intermediate.  The product will be a measure of
temperature-related production potential that will be useful for supplementation efforts or
reintroductions of fall chinook salmon elsewhere in the basin.

Synthesize information gained from Objectives 1-3 to define alternative scenarios
for operating Dworshak Dam.  Consult with Dworshak National Fish Hatchery on
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temperature criteria for hatchery operation.  One product may be the definition of the
timing and volume of water that could be released during the winter to provide a warming
effect for the lower Clearwater River during egg incubation and emergence.  This
management action may advance emergence so that naturally produced fall chinook
salmon will migrate seaward earlier under more hospitable conditions, which may
increase their survival and return of adults to the Clearwater River.

Synthesize physiological and performance-related risks from temperatures that
approach the upper incipient lethal to develop a multivariate model that will quantify
delayed mortality from temperature.  If temperature is a source of delayed mortality,
either directly or indirectly, then flow augmentation using Dworshak releases may have a
 significant effect on increasing survival of late-summer migrants.  The product would be
information that managers can use to better define the timing and magnitude of releases
to increase survival.

Fish holding and care:    These procedures will be true for all laboratory experiments
conducted by this project.  Circular 800 L holding tanks, which measures 122 cm in
diameter by 69 cm deep, will be used to hold fish.  No more than 100 fish will held at one
time in the tank.  Holding tanks will be supplied with heated well water that has been
passed through a cracking column to remove excess nitrogen.  Flow rate into the tank will
be 13.3 L/min, which will result in one complete water change per hour.  Acclimation to
desired temperatures will proceed at 1ΝC per day.   Dissolved oxygen will be measured
daily.  Fish will be fed twice daily and tanks cleaned daily.  All fish will be juvenile fall
chinook salmon obtained from the Little White
Salmon National Fish Hatcher or Lyons Ferry State Fish Hatchery, Washington.

f. Facilities and equipment.

The Columbia River Research Laboratory is equipped with all of the resources
necessary to carry out this project.  Each person employed by this project has a computer
and the necessary software to complete data reduction, storage, and complex statistical
analyses.  In addition, we have a computer network system and the latest software at the
lab. USGS and USFWS have fish holding facilities suitable to meet project objectives. 
Laboratories are supplied with well water or river water, and have an aeration system to
provide air to each holding tank, complete photoperiod and temperature control, and we
have a full-time wet lab supervisor who oversees and maintains the facility. As for field
activities, this project has all the boats, vehicles, and capital equipment necessary collect
data for field related tasks.  Our radio telemetry activities use state of the art miniature
radio tags and digital receivers.

Our project cooperators (USFWS and NPT) are also equipped with the necessary
office space, equipment, boats, vehicles, and personnel to accomplish project objectives.
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Information obtained will be disseminated in annual technical project reports, peer
review publications, presentations to workgroups, and at professional meetings.


